The money supply process is assumed to be fixed in economic literature or at least there is a central bank trying to control the liquidity in the economy. On the other hand, the demand side is more volatile and more uncertain. This situation hinders the homogenous and symmetric information assumptions of the monetary models. The amount of money demanded is a dynamic process and changes depending on the transition variable in concern. The money demand increases in the boom periods of the economy but may diminish in the recessions gradually. Therefore the money demand function indicates an asymmetric behavior and nonlinearity. This paper estimates the money demand function by including the inflation uncertainty, that is assumed to be a transition variable for a small-open economy, Turkey by using the monthly data spanning from January, 1990 to May, 2012. The parameters of the money demand function are estimated by the Smooth Transition Regression (STR) models. While modelling the nonlinearity, an appropriate logistic function is determined. The dependent variables that are used to estimate the money function are gold, interest rate, inflation uncertainty, share prices, exchange rate and income. The inflation uncertainty data is gathered from the conditional variances of a specified EGARCH model. The results of the paper have several policy implications for the monetary authorities. First, the behavior of the money demand and its determinants are crucial at the times of adopting the inflation targeting regime. The stability of money demand is also related to the stability of inflation. So the results of the paper may be beneficial for the policy makers and monetary authorities during their decision making process.
I. Introduction
It is assumed in economic theory that money demand motives of agents are classified under transaction, precautionary and speculative purposes, and analyzing its determinants are crucial for monetary policy (Lovell, 2006, p. 471) . Some of these determinants are well known and widely discussed in books on macroeconomics and monetary economics. There are well known facts about the signs of some elasticities. Transaction and precautionary motives increase by income and speculative motive and diminish by an increase in interest rate. Some papers also include other assets such as gold prices and share prices. These attempts are for representing the substitutes for money and elaborating their other possible positive wealth effects.
On the other hand, the discussion continues on the magnitudes of the elasticities, specifications of the models and estimation methods. In an empirical sense, there are two main category of methodology for measuring the determinants of money demand. These are linear and nonlinear methods. Gujarati (1968) for India; Goldfeld (1973) , Buscher and Frowen (1993) for England; US, Germany and Japan; Boughton (1981) for Canada; Hetzel and Mehra (1989, p. 459) , Friedman (1994, p. 118-119) , Dreger and Wolters (2010) , Ball (2001) for the US; Yashiv (1994) for Israel; Wang (2011) , Hasan (2011) , Slavova (2003) for Bulgaria were some of the past attempts for estimating the linear money demand functions.
The recent literature focuses more on the nonlinear methods to estimate the money demand function. Wolters, Terasvirta and Lütkepohl (1998) , Granger and Terasvirta (1993, chp. 7) , Lin and Terasvirta (1994) , Lütkepohl, Terasvirta and Wolters (1999) for Germany; Sarno (1999) for Italy; Chen and Wu (2005) , Ordonez (2003) for Spain; Austin and Ward (2007) for China are some of these studies using nonlinear methods to estimate money demand functions.
There are also plentiful of papers for Turkey trying to estimate the money demand function. Dönmez (2007) by using monthly Turkish data for the 1986-2003 period constructs a VECM model. He benefits from M1 and finds a negative effect of inflation. Korap and Yıldırım (2012) by using quarterly narrow money data for the years 1998-2010 include the share price index and the exchange rate to the equation. They use a correction term, a first lagged interest rate and lagged share prices index as transition variables and fail to reject the nonlinearity for money demand function and benefit from a linear error correction model. Tunay (2001) uses a parametric nonlinear method for the years 1987-2000. According to Keyder (2008, p. 378) , inflation expectations are effecting the money demand negatively. Altıntaş (2008) , by using quarterly M2 data for the period 1985-2006 benefits from the ARDL cointegration method and finds a positive exchange rate elasticity of money demand. Özdemir (2011) uses the M2Y definition and benefits from an economic uncertainty variable.
Second section provides the data and methodology. Third section presents the results and the fourth section is for the discussion. The last section is for the conclusion.
Data and Methodology
The available monthly Turkish data employed in the study is explored from the Central Bank of the Republic of Turkey (CBRT) Electronic Data Delivery System (EDDS) for the period from January, 1990 to May, 2012. These variables employed are Gold (G), Interest Rate (R), Share Prices (S), Exchange Rate (Exc), Industrial Production Index (Inc), Inflation Uncertainty (Unc) and Money Demand (M). The natural logarithm of the variables is taken except for the interest rate. Following Skalin and Terasvirta (1999, p. 210) , the variables are not seasonally adjusted. The sources and explanations of the variables used in the text are presented in Table 1 .
According to Keyder and Ertunga (2012, p. 327) , M2 monetary aggregate definition is more appropriate if the scope inherits both transaction and wealth dimension of the money. M2 has interest bearing assets and this may affect the money demand elasticity of interest rates (Boefing, 2001, p. 23) . Wu and Hu (2009, p. 1636) suggest including exchange rate to money demand equation for small open economies to increase the stability of the system. Following Enders (2010, p. 131) , the inflation uncertainty is measured by the conditional heteroscedasiticy model. The appropriate model is chosen as ARCH (1, 3, Thr=1, GED, EGARCH, Backcast=0.7, Deriv=AA, Lags=12) .
In this paper, Smooth Transition Regression (STR) model is used to explore the determinants of money demand function. When a STAR model is estimated by an exogenous regressor, STR is obtained (Pavlidis, 2009 ). There are logistic and exponential versions of the models. Skalin and Terasvirta (1999) , Sensier et al. (2002) , Deschamps (2008) can be analysed for the LSTR models. Exponential transition version can also be estimated.-See Luukkonen, et al. (1998) , Terasvirta (1994) , Escribano and Jorda (1999) , Kapetanios, Shin and Snell (2003) and .
The transition function in STR models is widely used in economics. It indicates a degree of mean reversion and is a probability function of transition variable, threshold variable and smoothing parameter. If the process is asymmetric then the logistic version of the model is used (see Granger and Terasvirta, 1993 and Jorda, 2001) . The gamma that is the smoothing parameter strengths the nonlinearity if it is significant.
In this paper, following Lütkepohl, Terasvirta and Wolters (1999) , the money demand function is estimated by the STR model given in equation (1). JMulti is used to estimate parameters and the systematic detailed application of the methodology can be found in literature. Terasvirta (1998) can be analyzed for the technical details of the model. Kratzig (2005) explains in detail how to apply the STR models by Jmulti. Below, the STR model is briefly provided following and Kratzig (2005) .
JMulti allows using the two different types of logistic transition functions. See also Lundbergh and Terasvirta (2002, pp. 486-509) , Dijk, Terasvirta and Franses (2002) . One type of them is the LSTR1 and the other is the LSTR2.
The transition function that is provided in the equation (2) is written for LSTR1. The       . If K = 1 then it is assumed that the specification allows to capture the asymmetry and the parameter change increases by the transition parameter monotonically from zero to one (Lundbergh and Terasvirta, 2002, p. 487) .
The model is estimated by the dependent and the independent variables. The estimation is done for all the lags from 1 to 12. The most appropriate model is chosen by 7 lags. The estimation is also repeated for the nominal and the real variables and the seven monetary measures.
The specifications that reject the linearity for inflation uncertainty are considered. During the specification phase, several linearity tests are applied and the most appropriate transition variable and LSTR model are determined. The linearity is rejected for most of these models. These selected models also gave the lowest p-value for the specified inflation uncertainty variable and suggested as the strongest transition variable by the linearity tests. The unit root hypothesis is rejected by the ADF tests. The best model is selected by analyzing the significance and selection criteria. The model with the M2 monetary aggregate is selected as the best model. The estimated starting values for the gamma and the location parameters are 7.3352 and 5.5732 respectively and determined by the nonlinear optimization algorithm provided by Jmulti, which is called the grid search (Franses and Dijk, 2003, p. 108) . The sum of squared residual is -171.0368 and it is used for the grid search to account for thresholds (Martens, Kofman and Vorst, 1998, p. 252) . According to Enders (2010, p. 446) , the sum of squared residuals is minimized when it approximates to the true value. The estimation results are provided in Table 2 for the full sample. Gamma coefficient that is related by the transition between regimes is 1.2210 with the p-value 0.0001. The transition value is 17.5218 with p-value 0.0000 and that is inflation uncertainty indicating that if the monthly inflation uncertainty exceeds seven month's lagged inflation than the economy transits from one regime to another. The regime is called as low if it is under this value and high if it is over. The value of the transition function in Turkey during the post-2002: 07 is zero and can be interpreted as low inflation uncertainty years.
The AIC criteria with -7.4717 and adjusted R 2 with 0.9993 determines one of the best fitting models as suggested by Franses and Dijk (2003, p. 39 
Discussion
There are varieties of possible reasons concerning the nonlinear behavior in the money demand. For instance, Weintraub (1970, p. 251) and Chen and Wu (2005) claim that the money demand is not linear because of the transaction costs such as brokage fee. Michael et al. (1999) stress the role of non-convex costs for the rigidity in adjustment mechanism in money demand.
In this paper the possible effects of inflation uncertainty in terms of creating nonlinearity in money demand function is analyzed. According to Belke and Polleit (2009, p. 1) , the reason of individuals using money is because of the uncertainty. They claim that if the future is certain, then the individuals would not hold money. The uncertainty may increase money demand, interest rates may increase and the bond prices may diminish (Bocutoğlu, 2011, p. 69) . There are also several past theoretical and empirical considerations on the role of uncertainty. For instance Poole (1970, p. 485) stresses the role of uncertainty on the money demand and income relationship. Klein (1977) uses standard deviation to measure the inflation uncertainty and finds a positive effect for US economy. According to Klein (1977, p. 713) , an increase in inflation uncertainty increases the money demand of the individuals. Khan (1982) uses inflation variability to measure the uncertainty for Pakistan economy and claims that the precautionary motive increases by the uncertainty. However according to him, the portfolio composition changes by the uncertainty and diminishes the money demand. Besides he claims that the latter channel is more dominant than the first. Asilis and Honohan (1993) explore a negative effect of inflation uncertainty that is measured by GARCH model for Bolivia. Mizrach and Santomero (1990) find a negative effect of inflationist risk measured by ARCH model on money demand for the US economy. Blejer (1979) tells that inflation uncertainty affects the money demand in two ways. Money demand may increase because of the precautionary motive and diminish because of the asset risks. According to him, high inflation increases inflation uncertainty for Argentina, Brazil and Chile and diminishes the money demand. Inflation may increase the level of inflation uncertainty therefore effects the money demand.
Friedman took money as a consumption good into account and considered it under asset price theory simultaneously. According to Friedman, one time price increase pushes the money demand up but continuous price increases diminish the money demand (Belke and Polleit, 2009, s. 105) . According to Tunca (2011, p. 203) inflation rate increases the transaction motive of money demand. Inguva (1978) claims that the effect of inflation on nominal money demand is positive but negative for the real money demand. Calza (2011) tells that the low inflation increases the wealth level of agents therefore effects the money demand in the US economy. According to Bailey (1956, p. 100 ) firms pay more frequently to the workers during the high inflation periods.
The effects of inflation expectation are also considered by several authors. Rao and Singh (2006) , by using Indian M1 data, suggest to use nominal interest rate rather than the real interest rate and claim that the expected inflation should have a negative effect on money demand. According to Blanchard (2011, p. 499-500 ) money demand may diminish by the diminish in expected inflation.
An increase in interest rate diminishes the money demand. This is consistent with Demiralp and Carpenter (2008, p. 15) whom are claiming that when the central bank increases the interest rates in Turkey, the demand deposit diminish and the time deposits increase. Consequently, when the interest rate increases money demand diminishes.
The exchange rate is also an other variable affecting the money demand function. Calvo and Reinhart (2000) claim that an increase in exchange rate in developing countries pushes the inflation up through the import channel and increases the inflation. Consequently, an increase in the exchange rate may increase the transaction motive of the money demand. On the other hand, the investment decision of the firms may be detorated and the net effect would depend on the dominance.
The coefficients for the gold are not significant but they are positive. The positive coefficient for gold is meaningful since it is one of the wealth determinants of the Turkish households. Ingbank (2012) survey that is supervised by Alpay Filiztekin and Şengül Dağdeviren tries to determine the saving behaviors in Turkey. According to their study, Turkish Lira, time deposit account, gold, (demand deposit, foreign currency or cash) are the most important saving tools in Turkey. The gold is the second most important saving tool and this results supports why the banking sector is highly interested in gold funds in Turkey. Equity shares, individual pension fund, funds, treasury bonds are the least used ones for saving purposes in Turkey. According to the survey, the ratio of individuals' saving is nearly 10%. Nearly 60% of the survey participants answered that the reason of their not doing saving was because of their low income levels. Nearly half of the individuals claimed that they increase their savings as an assurance in terms of unexpected situations. The ratio of the ones whom are increasing their savings to earn interest rate is nearly 5%.
A possible structural change is also considered in the paper. An economic structure may change and develop by the time being. For instance, it is apparent that the financial system of 1990s is much more complicated than the years 1970s as claimed by Mayer (1993, p. 43) . Following these new developments, the dynamics of monetary aggregates and their behavior may also change.
1 The changing dynamics in the economy may also create an uncertainty.
2 Therefore it is meaningful to claim that for the post-2002 period, the suggested models are linear.
Conclusion
Money demand is the tendencency of the economic actors for holding their welfare as cash and bank deposit. Precautionary motive part of this tendency increases during the periods where the inflation uncertainty goes up. During the high inflation uncertainty levels individuals may tend to save more and this may affect the long-run adjustment of the money demand to its equilibrium level. Inflation uncertainty creates an asymmetry in money demand function. It is a dynamic process and it's case sensitive. The sensitivity of money demand is asymmetric and has a nonlinear structure.
The money demand function indicates a nonlinear behavior between high and low inflation uncertainty periods. During the high inflation uncertainty period, precautionary motive of money demand increases. Considering this nonlinearity may give several advantages to the policy makers during the decision making process. When the inflation uncertainty increases the central bank generally prefers a tight monetary policy. In times like these diminishing liquidity phases of the economy, the net liquidity would be determined by the net money supply. Since the money demand may increase by the lagged inflation uncertainty, central bank may also bethink this lag and its effect while taking decisions for the liquidity adjustment. 
